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In this issue, three papers (1-3) present
an important advance in our mathemat-
ical solutions for voltage transients in a
neuron represented as a branched struc-
ture with passive cable properties. In a
remarkable research collaboration Guy
Major, Jonathan Evans, and Julian Jack
provide us with their meticulous solu-
tion of the mathematical complications
that result from including arbitrary
branch lengths and diameters, together
with a shunted soma membrane. These
papers provide a careful presentation of
the analytical solutions, and an insight-
ful discussion of applications of these
theoretical results to voltage clamp and
current clamp experiments.
Among many interesting results are
parameter dependencies revealed by
the mathematics; some are obvious, but
others are not. The amplitude terms of
impulse responses are independent of
Rm, and are inversely proportional to
Cm; also, (in the absence of a shunt) the
amplitudes are independent of Ri. Fast
components of waveforms are indepen-
dent of Rm and of the shunt conduc-
tance; their time constants are propor-
tional to RiCm. The largest time
constants increase with Rm, and are de-
creased by the presence of a soma
shunt, while the smaller time constants
are almost independent of the soma
shunt. When fitting model transients to
experimental transients, the fast ampli-
tudes constrain Cm, the fast time con-
stants constrain Ri, slow amplitudes
constrain the soma shunt estimate, and
the slower time constants finally con-
strain Rm. Insufficient data (at early
and/or late times in a transient) can
leave estimates underconstrained; this
can result in significant nonuniqueness
of fit (1).
Explicit examples include a hippoc-
ampal CA1 pyramidal cell (with its full
morphology); also, several reduced
arise when estimating time constants
from experimental transients are illus-
trated and discussed (1-3); other exam-
ples and related discussion are provided
by Holmes, Segev, and Rall (1992), and
in a review by Rall, Burke, Holmes,
Jack, Redman, and Segev (1992) (see
references in Ref. 1).1
Because voltage clamp methods are
used to elucidate membrane channel
properties, it is important that the lim-
itations of this technique for branched
neurons be explored both analytically
and numerically. For a voltage clamp to
the soma of a dendritic neuron, explicit
examples demonstrate the inadequacy
of voltage clamp for many purposes (3),
and this is judged likely to be a robust
result (3). These results confirm and
significantly extend those of Rall and
Segev (1985) and of Jackson (1992)
(see references in Ref. 2).
It has been known for 30 years that
transients in dendritic neurons can be
represented as sums of exponential de-
cays, where the values of the coeffi-
cients depend on the point of observa-
tion and on the initial condition (or
location of inputs), while the time con-
stants depend only on eigenvalues of
the system (4, 5). Simplifying assump-
tions were used to reduce a dendritic
neuron to a uniformly passive mem-
brane cylinder with sealed-ends; the
classical method of separation of vari-
ables yielded the simple eigenvalues,
an = n7rlL, and the simple eigenfunc-
tions, Vn(x,t) = cos(a,x/A) exp(t/Tr),
where the time constants, Tn, are de-
fined as RmCm/(l + a 2) (see Refs. 4
and 5).
How does the more general case dif-
fer from this idealized case? The eigen-
values, eigenfunctions, and expressions
for the coefficients become much more
complicated! Useful insights were
gained from several intermediate cases.
The effects of membrane nonuniformi-
ty were treated early (4), for two re-
gions having different amounts of uni-
formly distributed synaptic excitatory
conductance and/or synaptic inhibitory
conductance; the appropriate eigenval-
ues and eigenfunctions were found and
used to calculate illustrative examples,
including nonuniform synaptic poten-
tials (4). Coupling two or more cylin-
ders with different electrotonic lengths
also complicates the transcendental
equation (5); examples that explain
how the difference in L changes the
eigenvalues, eigenfunctions, and coef-
ficients were recently provided in the
appendix of (Holmes, Segev, and Rall
(1992); see Ref. 1).
Effects of branching were elucidated
first for a case of symmetric branching
which also satisfied equivalent cylinder
constraints; superposition and symme-
try were used to find eigenfunctions
which correspond to charge equaliza-
tion between each branch and its sister
branch (Rinzel and Rall (1974); see
Ref. 1). Because these eigenfunctions
have zero value at their mid-point
(where the sister branches take origin
from their parent branch), they contrib-
ute nothing to proximal voltage tran-
sients (e.g., in the parent branch); thus,
they contribute only to voltage tran-
sients in these branches, in response to
inputs in these branches. Such insights
provide a basis for qualitative under-
standing of eigenfunctions and eigen-
values to be expected with less sym-
metric branching. Explicit lumping of
the soma membrane complicates the
eigenvalues (5) and also compromises
simple orthogonality of the eigenfunc-
tions (Rall (1977); see Ref. 1). Shunting
or reduced resistance of the lumped
soma membrane introduces further
complications which were addressed
by lansek and Redman (1973), Durand
(1984), Kawato (1984), as well as oth-
ers cited in Refs. 1 and 2.
The present papers (1-3) show how
to compute eigenvalues (for arbitrary
branching) by means of a recursive
method that proceeds stepwise from
terminal branches to the soma (or to an-
other point of interest); this process re-
sembles the recursive calculation of in-
put conductance in arbitrarily branched
dendritic trees (Rall (1959); see Ref. 1).
A different method of obtaining essen-
tially equivalent eigenvalues uses ma-
trix inversion with a compartmental (6)
representation of the system; this meth-
models are evaluated, using tables and
computed transients (1). Problems that
' References cited by author and year can be
found within the article cited by number.
od has been illustrated by Holmes, Se-
gev, and Rall (1992) (see Ref. 1). Very
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different methods are those of Butz and
Cowan (1974), and Holmes (1986),
both cited in Ref. 1; note also a recent
path integral approach (7). All of these
methods assume a linear system. Of
course, nonlinear membrane properties
can be put into a compartmental model
(6); if completely specified for every
compartment, the nonlinear conse-
quences can be explored by numerical
simulations. Here (1-3), linearity is
used to provide a rigorous analytical fo-
cus on the complicating effects of dif-
ferent branching morphologies, togeth-
er with a shunted soma.
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